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Introduction
Athletes and their training specialists should pay special attention to the supervision of nutrition because proper diet is an integral part of the optimal physical development of athletes and achievement of optimal results [1] . To improve the planning and management of highly trained athletes using targeted measures, it is no doubt very important to clarify the nutritional hazards of different groups of athletes. The diet of athletes training for major competitions must meet certain requirements. Only with adequate nutrition can an athlete's body compensate for increased energy loss and nutritional needs and thereby facilitate the maximum adaptation to physical loads.
Endurance athletes raise their aerobic capacity to overcome daily intensive and/or long-lasting, onerous physical loads. Physical performance and the fatigue incurred by athletes during aerobic training are partly dependent on endogenous carbohydrate reserves accumulated in the body and/or exogenous carbohydrate availability during physical loads [2] . Therefore, when enduring intense 2-3 h of physical loads on a daily basis, athletes must consume the recommended amount of carbohydrates (7-12 g/kg of body weight) [2] . Meanwhile, the recommended protein intake is 1.2-1.6 g/kg of body weight, and the energy value supplied by fat should not be higher than 35% [1] . In addition, athletes must consume the recommended amounts of vitamins and minerals [1] .
Over the past decade, it has been demonstrated that the nutritional habits of athletes depend on sex and age. Due to incomplete growth and maturation, a special focus is required for the diet of young athletes. In 1980-2000, female athletes were placed in the risk group of inadequate nutrition for the lack of carbohydrate intake and insufficient energy value of food rations [3] . Insufficient carbohydrate consumption is associated with low fat mass of athletes and poorer physical performance [3] . In addition, it has been found that the quantities of some vitamins and minerals consumed by female athletes in various countries are below recommended doses [4, 5] . Therefore, to prevent anemia and osteoporosis, female endurance athletes are recommended to take iron supplements, and their intake of calcium should be 1.5-2 times higher than the recommended daily intake (RDI) [1, 6, 7] .
Unlike in other countries, the diets of Lithuania highperformance endurance athletes have not yet been fully explored and evaluated. There is no summary data about the eating habits of elite Lithuanian endurance athletes. For these reasons, until now is has not been possible to highlight the characteristics of different groups of athletes. The aim of this study was to determine the actual nutrition habits of highperformance endurance athletes depending on sport, sex and age.
2.
Material and methods
Study population
During general training in 2009-2012, 95% of the endurance sports athletes who were included on the list of athletes approved by orders of the Department of Physical Education and Sports were studied. The highest-performance endurance athletes (n = 146) in Lithuania, engaged in Olympic disciplines such as rowing, cycling, swimming, skiing, biathlon, and longdistance running, were investigated. The highly skilled endurance athletes were tested during the preparatory period before a competition. The scope of the athletes' workout load fully complied with approved training plans. The assessment of the athletes' training plans was based on the plans that are used by highly skilled endurance athletes training for the Olympics and officially approved by the Department of Physical Education and Sports and the National Olympic Committee of Lithuania, plans specified in the London 2012 and Sochi 2014 programs (Table 1 ). All the organizational issues regarding the survey were discussed prior to the research with the Lithuanian Olympic Sports Center and with the Bioethics Committee. Permission to carry out the biomedical study was issued by the Bioethics Committee (No. 158200-11-113-25, November 3, 2009).
Anthropometric measures
The height of the athletes was measured using a stadiometer (AE1 cm) at the Lithuanian Sports Medicine Centre. 
survey was performed by a trained interviewer using the direct interview method at the Lithuanian Olympic Sports Centre.
The interviewer recorded data on foods and meals consumed by each athlete. In the course of the food recall, the portion sizes in the special Atlas of Foodstuffs and Dishes were used. The atlas displays different portions of products and meals, assessed in grams, making it possible to record the amounts of all food products and meals consumed. The average daily food intake of athletes was evaluated and the chemical composition and energy value of the food rations were determined using chemical composition tables [9] . Carbohydrate, protein and fat intake was assessed according the recommendations in academic literature [1, 2, 7] . The recommended carbohydrate content for endurance athletes having moderate or high intensity daily training of 1-3 h must amount to 7-12 g/kg of body weight [2] and protein content must amount to 1.2-1.6 g/kg of body weight [1] . The percentage of energy from fat should be between 20% and 35%, saturated fatty acids (SFA) <10%, polyunsaturated fatty acids (PUFA) from 6% to 10%, omega-3 fatty acids (omega-3 FA) from 1% to 2%, and omega-6 fatty acids (omega-6 FA) from 5% to 8% [7] . In line with these recommendations, the compliance of the average intake of nutrients with the recommended quantities was evaluated and expressed as a percentage of the recommended intake (RDI) (consumption/ RDI Â 100). Athletes' increased intakes of vitamins and/or minerals have little or no effect on physical performance indicators as long as the dietary intake of vitamins and minerals meets the prescribed RDI for a given country. Thus, athletes should consume diets that provide at least the RDI for all micronutrients [1, 7] . Compliance of the intake of vitamins and micronutrients with the recommended daily intake was estimated according to the vitamin and mineral RDI approved in Lithuania [10] . Since the vitamin and mineral RDI depends on age and gender, the intake of these substances was expressed as a percentage of RDI (consumption/RDI Â 100). By the intake of macronutrient and micronutrient levels, athletes were divided into groups: those consuming less than RDI (intake is less than RDI), those consuming the recommended amount (intake meets RDI), and those using more than RDI (intake exceeds RDI).
Energy requirements
Basal metabolic rate (BMR), daily energy expenditure (DEE), and training energy expenditure (TEE) of all subjects were estimated. BMR was calculated using the Harris & Benedict formulas [11] . The physical activity and lifestyle variables considered in this study were the 24-h period spent on regular and non-regular activities, sedentary activities, and sleeping habits as reported by the American Dietetic Association, Dietitians of Canada, and the American College of Sports Medicine [7] . Twenty-four-hour records of physical activity were collected on the same day participants recorded their dietary intake. These measures were supported by the studies of Ainsworth et al. [12] and data were managed according to the specific activity. Some normative data of basic organized physical activities, activity codes, and METS (in kcal/kg/h) for physical activities used in the study are presented in Table 3 . The metabolic equivalent intensity level (MET) was used; it should be understood as the ratio of work metabolic rate to a standard resting metabolic rate of 1.0 (4.184 kJ)/kg/h (or 3.5 mL O 2 /kg/min). Participants recorded the 24-h period frequency and duration of the different activities expressed and the rate of energy expenditure for each activity were estimated. The physical activity level (PAL) of all athletes was calculated as the ratio between DEE and BMR as reported by FAO/WHO/UNU [13] . To estimate the total energy requirement (EER), the basal metabolic rate (BMR) was then multiplied by the appropriate activity factor (PAL).
Statistical analysis
Statistical data analysis was carried out using SPSS v. 15.0 statistical software. Conventional methods of descriptive statistics were applied for the analysis of research data: arithmetic means and standard deviation (SD) were calculated. The analysis of variance (ANOVA) method was used for the analysis of variables that met the assumptions of the application of parametric methods. The chi-square (x 2 ) test and Fisher exact test were used for the categorical data analysis. The level of significance a = 0.05 was used to check the hypothesis. The difference in results was considered statistically significant when a P value obtained was less than or equal to 0.05. Adapted from Ainsworth et al. [12] . m e d i c i n a 5 1 ( 2 0 1 5 ) 3 5 1 -3 6 2 3.
Results
Characteristics of respondents
The mean age of the athletes was 17.7 AE 2.9 years and the training status corresponded to 7.32 AE 3.4 years. The athletes were divided into groups by age and sex. There were 74% (n = 108) of men and 26% (n = 38) of women. The 14-18-year-old group was represented by 71.9% (n = 105) of the athletes, and the 19-31-year-old group, by 28.1% (n = 41) of the athletes. The research subjects were involved in the following sports: rowing (16.4%; n = 24), cycling (27.4%; n = 40), swimming (29.5%; n = 43), skiing (9.6%; n = 14), biathlon (13.7%; n = 20), and long-distance running (3.4%; n = 5). Athletes trained 6 days per week. The time of one workout was 130.0 AE 34.7 min and total exercise time was 174.9 AE 34.7 min per day. Table 4 shows the characteristics of body weight, height and body mass components of the endurance athletes by the sport type and gender. The evaluation of athletes' body composition by sport and sex showed that the BMI of all athletes was within the normal range. Body composition indicators show that regardless of the gender and sport, the LBM of the athletes fell within normal limits.
In all female endurance athletes, fat mass was assessed as ''optimal,'' but the assessment of MFMI showed that ''average'' is typical for female rowers, cyclists, swimmers, skiers and long-distance runners. Meanwhile, the MFMI of female biathletes is ''low'' due to relatively lower LBM and increased fat mass, which in professional sports is considered suboptimal body composition. In contrast to female athletes, the body composition of Lithuanian male endurance athletes corresponds to the requirements for highly trained athletes. ''High'' MFMI was specific to cyclists, swimmers, and long-distance runners, and ''very high'' MFMI was specific to skiers and biathletes.
3.2.
Dietary intake and energy expenditure Values are expressed as mean AE standard deviation. * P < 0.05, significant differences by ANOVA. ** P < 0.001, significant differences by ANOVA. Values are expressed as mean AE SD. PRO, protein; CHO, carbohydrates; FAT, fat; FA, fatty acids; SFA, saturated fatty acids; PUFA, polyunsaturated fatty acids. * P < 0.05, significant differences by ANOVA. ** P < 0.01, significant differences by ANOVA. m e d i c i n a 5 1 ( 2 0 1 5 ) 3 5 1 -3 6 2 different groups of athletes showed that there were no differences (F = 1.770, P = 0.123). EI that is too low is specific to long-distance runners, rowers, swimmers, biathletes, skiers, and cyclists. 
Effects of sports type
As indicated in Tables 6 and 7 , differences were determined according to sport. Unlike rowers and long-distance runners, cyclists more often consumed the recommended amount of carbohydrates (F = 2.471, P = 0.035), less fat (F = 5.340, P < 0.0001), and insufficient PUFA (F = 3.595, P = 0.004) and omega-6 FA (F = 3.131, P = 0.010). Regardless of the excess fat found in the diets of swimmers, the amount of fat-soluble vitamin A they consumed was lower than the RDI (F = 2.582, P = 0.029). It should be noted that almost all athletes exceeded the recommended intake of cholesterol and sodium, but rowers were remarkable for the consumption of cholesterol (1045.3 AE 480.4 mg) exceeding the recommended rate by over 2 times (F = 3.143, P = 0.010) and sodium intake (5910.8 AE 2324.3 mg) being almost 4 times higher (F = 5.766, P < 0.0001). Table 8 shows the intake of EI and nutrients of athletes according to gender and age. Male athletes compared with Table 8 -Distribution of athletes depending on energy and macronutrient intake (by sex and age).
Effects of gender and age
Nutrients Sex Age
Males, % (n) Females, % (n) 14-18 years % (n) female athletes (54.6% vs. 31.6%; P = 0.012) and 14-18-year-old athletes compared with 19-31-year-old athletes (55.2% vs. 31.7%; P = 0.001) more often consumed an amount of protein that exceeded the recommended levels (>1.6 g/kg of body weight). The recommended amount of protein (1.2-1.6 g/kg of body weight) was more often consumed by all the athletes than young athletes (41.5% vs. 14.3%). In addition, the diets of female athletes (47.4%) and athletes 14-18 years old (30.5%) often lacked protein.
While excess fat was found in the diets of both men and women, in contrast to male athletes, the diets of female athletes rarely exceeded the recommended intake of cholesterol (79.6% vs. 50.0%; P < 0.0001). It was found that more women than men (63.2% vs. 23.1%; P < 0.0001) consumed less than the recommended amount of dietary fiber. Tables 9 and 10 evaluate the consumption of vitamins and minerals according to the gender and age of athletes. It was found that female athletes more often than male athletes consumed quantities of vitamins and micronutrients lower than the RDI: B 1 (47.4% vs. 28.7%; P = 0.036), B 2 (31.6% vs. 6.5%; P < 0.0001), B 6 (13.2% vs. 0.9%; P = 0.005), B 12 (47.4% vs. 12.0%; P < 0.0001), folic acid (50.0% vs. 27.8%; P = 0.013), potassium (26.3% vs. 1.9%; P < 0.0001), calcium (55.3% vs. 25.9%; P = 0.001), phosphorus (34.2% vs. 1.9%; P < 0.0001), iron (36.8% vs. 0.0%; P < 0.0001), manganese (68.4% vs. 35.2%; P < 0.0001), copper (55.3% vs. 20.4%; P < 0.0001) and zinc (71.1% vs. 29.6%; P < 0.0001). According to age, it was found that older athletes were more likely than younger athletes to use quantities of vitamin B 1 (63.4% vs. 21.9%; P < 0.0001) and folic acid (56.1% vs.
24.8%; P < 0.0001) lower than the RDI. Meanwhile, 14-18-yearold athletes more often than 19-31-year-old athletes consumed quantities of vitamin B 2 (17.1% vs. 2.4%; P = 0.018), phosphorus (14.3% vs. 0.0%; P = 0.005) and magnesium (31.4% vs. 12.2%; P = 0.017) lower than the RDI.
Discussion
The evaluation of the body composition of athletes by sport and sex showed that the BMI and LBM of all athletes varied within the normal range. Athletes having fat mass that was too low were not found. The body composition of male athletes fully complies with requirements. Meanwhile, the fat mass of female athletes was assessed as ''optimal/sufficient,'' but their MFMI was assessed as ''moderate'' and did not completely meet the requirements for the body composition of elite athletes. Proper diet is a key factor for adaptation to physical loads. One of the most important dietary requirements for endurance athletes is an optimum supply of carbohydrates. Carbohydrate intake per day should amount to 7-12 g/kg of body weight [7] . The average carbohydrate consumption of the Lithuanian endurance athletes was only 5.6 g/kg of body weight. According to the sport, cyclists stood out as consuming a greater amount of carbohydrates with food (6.4 g/kg of body weight). Differences were observed when comparing our findings with the carbohydrate consumption of endurance athletes in other countries. Highly trained Lithuanian swimmers consume Table 9 -Distribution of athletes (in percent) depending on vitamin intake (by sex and age).
Vitamins Sex Age
Males, % (n) Females, % (n) 14-18 years % (n) 
more carbohydrates than athletes in other countries [14] . On the other hand, cyclists and long distance runners in Lithuania consume fewer carbohydrates than endurance athletes in other countries [15, 16] . Regardless of this, compliance with recommended carbohydrate consumption was found only among endurance athletes in South Africa, Spain, Australia and Poland [4, [17] [18] [19] [20] .
When an insufficient amount of carbohydrates is continuously received with the diet, this may slow adaptation to lengthy physical loads [21] and weaken the immune system [2] . Muscle glycogen stores that are not fully replenished between training sessions require more effort from the central nervous system during physical exercise and are an overtraining risk factor [2] . In addition, endurance athletes overcome physical loads every day and are trained in highintensity work for longer than 3-4 h a day. During highintensity workloads and/or long-term physical exercise, the main source of muscle energy is the glycogen reserves in the muscles. Insufficient carbohydrate consumption can lead to a quick onset of a feeling of fatigue during exercise and poorer aerobic performance [22] .
Protein deficiency is found quite rarely in the diet of endurance athletes of other countries [23] . We have received conflicting results showing that as many as one-third (29.5%) of Lithuanian endurance athletes use less than the recommended amount of protein. An amount of protein corresponding to the recommended 1.2-1.6 g/kg of body weight is used by only 22.0% of Lithuanian endurance athletes. On the other hand, 49.0% of our surveyed athletes consume more protein than 1.6 g/kg of body weight. Similarly, excessive protein (>1.6 g/kg of body weight) consumption was found among many other endurance athletes in different countries [14, 15, [17] [18] [19] 23, 24] . Protein intake greater than 1.6 g/kg of body weight can be considered rational since during longterm intensive physical loads the oxidation of branched-chain amino acids covered 1-6% of energy expenditure [1] . In addition, after endurance exercises muscle protein synthesis is associated with muscle restoration processes and at the same time with mitochondrial and sarcoplasmic protein synthesis when muscle hypertrophy is not encouraged [25] .
We found that protein intake depends on the gender and age of the endurance athletes. Males (54.6%) and 14-18-yearold athletes (55.2%) consumed more than the recommended protein content (>1.6 g/kg of body weight), but the protein content in the diet of Lithuanian female athletes (47.4%) was frequently below recommended levels (<1.2 g/kg of body weight). According to some authors, the demand of the bodies of highly trained female athletes for protein is 15%-20% lower than the demand of the bodies of such male athletes, but separate protein recommendations according to the age or sex of athletes have not been published [3] .
Due to the excessive dietary intake of fat in 70% of Lithuanian endurance athletes, the consumption of fat, cholesterol, and SFA is higher than recommended. The most fat is consumed by rowers and long-distance runners. Excessive fat consumption leads to large amounts of SFA and cholesterol levels in the diets of the athletes surveyed. A cholesterol level exceeding recommended intake as much as 2 times was found in the diet of rowers. However, it is male athletes more often than female athletes who consume quantities of cholesterol higher than those recommended. In comparing the fat consumption of the athletes training their aerobic capacity of Lithuanian endurance athletes with athletes from other countries, one can see that the fat content in the diet of swimmers and rowers of other countries is higher than recommended and is similar to the fat content in the diets of the athletes we analyzed [4, 26] . Compared with our study, significantly lower fat intake was found among triathletes [5] and cyclists of other countries [17] . Unlike in foreign countries [5, 27] , higher than recommended cholesterol content was found in the diets of the athletes we tested. It should be noted that increased fat intake accompanied by insufficient physical activity is associated with the risk of cardiovascular diseases and obesity. Meanwhile, when experiencing daily intensive physical loads and/or long-term aerobic training, the higher consumption of fat, SFA, and cholesterol is not linked with a higher fat mass or cholesterol levels in the blood of athletes but has a relationship with the body's levels of homocysteine, which has been linked to cardiovascular diseases [28] . It should be also noted that the diet of Lithuanian endurance athletes does not have enough PUFA. Less than half (42%) of athletes receive an insufficient amount of omega-6 FA with their diet, and the majority of athletes (99.4%) receive an insufficient amount of omega-3 FA.
On the other hand, although well-trained highly skilled endurance athletes' bodies adapt better to oxidize more fat content, a higher fat/very low-carbohydrate diet is not recommended for athletes. Research shows that in order to improve the entire body's fat oxidation and reduce glycogen utilization during exercise, longer (1.5-2 months) and shorter (4-7 days) high fat and very low-carbohydrate diets disrupt athletes' stamina and recovery after exercise and slow the adaptation to physical workloads [21] .
Besides that, it was determined that changes at the cellular level are encouraged in athletes' bodies when athletes train on the special Train Low exercise regimen for 3-10 weeks with low muscle glycogen or low exogenous glucose in the body, i.e., many genes responsible for the body's adaptation to physical workloads, transcription, mitochondrial biogenesis, and the promotion of the oxidation of fat in the body [21] . However, the relationship between changes taking place in an athlete's cells and functional changes in the entire body is not always determined. Functional changes in the entire body are not always dependent on the changes in an isolated muscle. Muscle function is only one of the factors that determine the physical performance indicators of athletes. Muscle work clearly influences other systems of the body, including the central nervous system (CNS). The speed and intensity of athletic performance and how much CNS effort exercise takes to overcome fatigue during sports activities depend on CNS activity [29] . Therefore, lack of endogenous and/or exogenous carbohydrate availability in an athlete's body can disrupt CNS adaptation to intense and/or long-term exercise and should not result in rapid CNS fatigue. Hence, at this time there is not enough scientific evidence to make useful recommendations for what exercises would be useful for athletes with insufficiently restored glycogen levels in their muscle or with insufficient availability of exogenous carbohydrates in the body. In addition, athletes training with small quantities of endogenous carbohydrate stores do not achieve better sports performance [29] . Hence, it is irrational to recommend lowcarbohydrate diets to highly skilled Lithuanian endurance athletes, except in special cases and only at the beginning of the workout cycle, when physical workloads are more manageable with lower intensity work and under the supervision of health professionals [29] . In summary, highly skilled Lithuanian endurance athletes need to reduce fat intake and increase dietary carbohydrates in the main preparatory period before a competition.
In Lithuania, as in other countries, regardless of the sports in which athletes are involved and the sex and age of athletes, their diet has an insufficient quantity of vitamin D [30] . The specific risk group is female endurance athletes because of improper nutrition. A large number of the female athletes we investigated do not receive the recommended dietary vitamins B 1 , B 2 , B 6 , B 9 and B 12 and the minerals potassium, calcium, iron and zinc. The results of our study coincide with research on athletes' nutrition in other countries. Like the athletes we observed, the athletes of other countries do not consume the recommended levels of micronutrients with their food: calcium [4, 5, 30] , iron [5, 24, 31] , vitamin E [5, 32] , vitamin B 1 and folic acid [4, 5, 24, 30] . In order to optimize the nutrition of Lithuanian endurance sports athletes, it is necessary to take into account International Olympic Committee recommendations [6] . To prevent osteoporosis, Lithuanian female athletes are recommended to consume additional calcium and vitamin D. In order to strengthen the immune system and to compensate for the loss of copper with sweat [1] , the use of additional amounts of zinc and copper is recommended. Iron deficiency in the body is associated with the inadequate nutrition of female endurance athletes, and therefore they are recommended to consume 70% more iron than the RDI [6] . In addition, Lithuanian female endurance athletes more often than males receive insufficient dietary intake of some B group vitamins. Without receiving enough vitamin B 1 with food, the body accumulates pyruvate and produces more lactate, which results in faster onset of fatigue during daily workouts [1] . Even though physical work capacity indicators do not improve with the additional use of vitamin B 1 , B 2 , B 6 and B 12 food supplements, there is an increase in the level of the neurotransmitter serotonin in the brain, improving mood and alertness. Using complex supplements of vitamins B 6 , B 12 , and folic acid reduces the levels of the biomarker homocysteine, which increases due to high physical loads in the body of athletes and lead to cardiovascular diseases [1] .
Conclusions
One-third of Lithuanian endurance athletes did not get the recommended amount of protein, and 80% did not consume sufficient carbohydrates with their meals. In fact, excessive fat intake leads to an excess of saturated fatty acids and cholesterol in the diet of endurance athletes. The nutritional profile of athletes was more determined by gender and age than by the type of sports. Particular attention should be paid
